Introduction
============

Prostate carcinoma is the most common malignant tumor in men older than 50 years of age and is characterized by a highly variable clinical course ([@B01],[@B02]). Accordingly, many potential prognostic markers have been extensively studied. Tumor markers enable cancer screening, differentiation between benign and malignant tumors, assessment of prognosis, therapeutic monitoring, and detection of tumor recurrence. Tumor markers have been closely evaluated to identify proteins that mediate and participate in tumor cell cycle progression.

Cyclin D1 is a short-lived nuclear protein that is degraded by the ATP ubiquitin-dependent proteolysis pathway and is involved in cell cycle transition from G1 (growth) to S phase (synthesis) in both normal and neoplastic cells ([@B03],[@B04]). Cyclin D1 overexpression prevents normal cell cycle regulation, causing uncontrolled cell proliferation, abnormal tissue growth, and transformation to a neoplastic phenotype, thereby acting as an oncogene ([@B05]). The relationship between cyclin D1 expression and prostate cancer remains unclear. Some studies have shown that cyclin D1 expression in prostate cancer is rare, whereas others report that prostate tumors with high cyclin D1 expression are associated with a more aggressive disease ([@B06]-[@B08]).

Because the role of cyclin D1 in prostate cancer is unclear, we studied the expression of cyclin D1 in prostate adenocarcinoma, to evaluate the relationship of this protein with epidemiological factors and clinicopathological features.

Material and Methods
====================

Clinical and pathological data
------------------------------

From 2005 to 2010, we identified 450 patients with prostate carcinoma who underwent radical prostatectomy at Faculdade de Medicina de Ribeirão Preto, Universidade de São Paulo, Brazil. After exclusion criteria (samples with less than 2000 tumor cells) were applied, a total of 156 patients were eligible for analysis. From these, 43 cases with a high-grade Gleason score and 42 cases with a low-grade Gleason score were randomly selected. All Gleason score information was acquired after radical prostatectomy. All necessary preoperative data regarding clinical, epidemiological, and histological features were acquired, and missing information was considered an exclusion criterion. Perineural invasion, angiolymphatic invasion, acinar atrophy, benign prostatic hyperplasia, and prostatic intraepithelial neoplasia were scored as positive or negative. Gleason scores were scored as low-grade (Gleason score ≤6), and high-grade (Gleason score ≥7). Pathological stage was scored as organ confined (without capsular tumor invasion and/or extracapsular) and extracapsular (with the presence of capsular tumor invasion and/or extracapsular). Tumor laterality was scored as unilateral (tumor affecting only one side of the prostate), and bilateral (tumor affecting both sides of the prostate). Preoperative prostate-specific antigen (PSA) was scored as less than 4 ng/mL, from 4 to 10 ng/mL, and greater than 10 ng/mL. If less than 2000 tumor cells were detected during the count, the specimen was excluded from analysis. Tonsils were used as positive control tissue (according to the manufacturer\'s instructions), and normal prostate tissue with no sign of malignancy from autopsies of men ≤40 years of age was also used. All cases were reviewed by two pathologists. The procedures were approved by the Ethics Committee of the Universidade de São Paulo.

Immunohistochemistry and cyclin D1 analysis
-------------------------------------------

Immunohistochemistry was performed on 4-µm tissue sections using a polymer-based method and antigen retrieval. Cyclin D1 monoclonal antibodies (SP4 clone; Cell Marque, USA) were used. Briefly, sections were immersed in EDTA-Tris solution, pH 9.0, for 30 min at 95°C. After cooling and washing, endogenous peroxidase activity was blocked and this was followed by blocking of nonspecific antibody sites. The sections were incubated with a solution of antibodies to cyclin D1 (1:200 dilution with 0.005% bovine serum albumin; Sigma, USA) for 2 h. Diaminobenzidine was used as the final chromogen, and hematoxylin was used as a nuclear counterstain.

Nuclear immunostaining was assessed in the entire tumor area using conventional light microscopy (Nikon Eclipse 80i microscope, Nikon Digital Sight Camera DS-U3, and DS-Fi1 and NIS Elements 3.22 software, Japan). Tumor samples with at least 2000 cells were counted at 200× magnification from randomly selected areas, in a blinded manner. All cells showing positive nuclear immunostaining were counted, regardless of intensity.

Statistical analysis
--------------------

Receiver operating characteristic (ROC) curves were used to establish the optimum cut-off value for this study. In order to perform statistical analysis, two groups of patients were divided according to Gleason scores: a high-grade group (≥7) and a low-grade group (≤6). Additionally, the relationships between cyclin D1 expression and perineural invasion, benign prostatic hyperplasia, PSA level, and other relevant clinicopathological parameters were evaluated. The chi-square test was used to compare the frequency of categorical variables between groups, the Mann-Whitney test was used to compare continuous variables with nonnormal distributions, and Spearman correlation was used to evaluate the relationship between PSA levels and cyclin D1 expression.

Results
=======

The patient age was 67.7±7.0 years (mean±SD) and the preoperative PSA level was 8.68±5.16 ng/mL (mean±SD). The patient population comprised 79% Caucasian men, and 60% were patients with a tumor node metastasis (TNM) stage of pT2c. Four patients showed metastatic disease and one died due to prostate cancer.

[Table 1](#t01){ref-type="table"} summarizes the relationship between immunohistochemistry data and clinicopathological parameters. Perineural invasion tended to be associated with cyclin D1 expression (P=0.07), and 39 cases (60%) with perineural invasion were positive for cyclin D1 expression. Other histological parameters including acinar atrophy, benign prostatic hyperplasia, lymphovascular invasion, and prostatic intraepithelial neoplasia were not associated with cyclin D1 expression ([Table 1](#t01){ref-type="table"}).

[Figure 1](#f01){ref-type="fig"} illustrates the immunohistochemistry staining pattern of cyclin D1 expression in normal prostate and prostate carcinoma tissue. Positive staining for cyclin D1 was detected in 64 cases (75.4%). Among the 21 cyclin D1-negative cases, 15 showed no cyclin D1 immunostaining. The mean percentage of immunostaining was 44% in the cyclin D1-positive group and 1.4% in the cyclin D1-negative group. All normal prostate tissues (10 cases) assessed showed no immunostaining for cyclin D1 ([Figure 1A](#f01){ref-type="fig"}). Cyclin D1-positive prostate carcinomas displayed a heterogeneous staining pattern for cyclin D1, with high and low immunostaining within the same focal field ([Figure 1C](#f01){ref-type="fig"}). [Figure 1B](#f01){ref-type="fig"} is a representative image of a low-grade tumor negative for cyclin D1 staining.

![Cyclin D1 immunohistochemistry. *A*, Negative cyclin D1 immunostaining in normal prostate tissue. *B*, Immunostaining in cyclin D1-negative prostate carcinoma. *C*, Heterogeneous staining in cyclin D1-positive prostate carcinoma.](1414-431X-bjmbr-47-06-00515-gf001){#f01}

Patients were divided into two groups according to the cut-off value determined by ROC curve analysis: cyclin D1-positive patients (cyclin D1 expression in \>5% of tumor cells) and cyclin D1-negative patients (cyclin D1 expression in ≤5% of tumor cells). For statistical purposes, the cut-off value of 5% for cyclin D1 expression had a high sensitivity, but low specificity ([Table 2](#t02){ref-type="table"} and [Figure 2](#f02){ref-type="fig"}). Of the cases with a high-grade Gleason score (≥7), 86% exhibited cyclin D1 immunostaining of \>5% (P\<0.05). In a crude analysis, the high-grade Gleason score group had a mean percentage of cyclin D1 expression of 39.6%, compared to 26.9% in the low-grade Gleason score group (P\<0.05; [Table 3](#t03){ref-type="table"} and [Figure 3](#f03){ref-type="fig"}).

![Receiver operating characteristic curve analysis for Gleason scores. AUC: area under the curve.](1414-431X-bjmbr-47-06-00515-gf002){#f02}

![Distribution of Gleason scores according to cyclin D1 expression.](1414-431X-bjmbr-47-06-00515-gf003){#f03}

As shown in [Figure 4](#f04){ref-type="fig"}, cyclin D1 expression was not associated with PSA levels according to Spearman correlation analysis (P=0.90). However, approximately 80% of cases with preoperative PSA levels greater than 10 ng/mL displayed \>5% cyclin D1 expression (P=0.46).

![Relationship between cyclin D1 expression and preoperative prostate-specific antigen (PSA) levels.](1414-431X-bjmbr-47-06-00515-gf004){#f04}

Discussion
==========

In this study, we assessed the relationship between cyclin D1 expression and clinicopathological features in 85 patients with a diagnosis of prostate carcinoma who underwent radical prostatectomy. The mean age and mean preoperative PSA levels were similar to those reported in previous studies ([@B07],[@B09],[@B10]). The predominant pathological TNM stage was pT2c (60%), but this was different from previous studies by Freedland et al. ([@B11]) (pT2a, 34%) and Makarov et al. ([@B12]) (pT1c, 77%). Our findings are in agreement with those of Nardi et al. ([@B13]) who reported that patients treated in a public health care institution, as was the case in our study, represent a cohort with specific characteristics such as higher PSA levels, slightly older age, and more advanced disease than patients treated in a private health care institution ([@B13]).

PSA is considered a nonspecific biomarker for prostate cancer, associated with a high false-positive index (approximately 50%) and a 15% false-negative index ([@B14]). Our study provides further evidence for the lack of a correlation between PSA levels and cyclin D1 expression, thereby supporting the theory that PSA levels are not associated with cell cycle disorders in prostate carcinoma. However, studies such as those by Drobnjak et al. ([@B06]), Kallakury et al. ([@B15]), Comstock et al. ([@B16]), and Ilia Anis et al. ([@B17]) have found statistically significant positive and negative correlations of cyclin D1 expression and PSA levels. Nakamura et al. ([@B10]) reported that cyclin D1 expression might be regulated by sex hormones, indicating a possible relationship between PSA levels and cyclin D1, since PSA production is dependent on hormonal stimulation ([@B01]). Nonetheless, further studies are needed to determine the true relationship between PSA levels and cyclin D1 expression in order to confirm these hypotheses.

The heterogeneous pattern of cyclin D1 immunostaining observed in this study is in agreement with the results of Han et al. ([@B18]), who demonstrated 5-10% focal immunostaining, supporting the hypothesis that many different mechanisms are involved in prostate carcinogenesis ([@B19]). We also found that cyclin D1 expression tended to be associated with perineural invasion. Perineural invasion is considered an aggressive histological marker in prostate cancer, and a positive correlation between this histological feature and cyclin D1 expression has been extensively reported in studies of cyclin D1 and prostate cancer ([@B09],[@B10]). Donnellan and Chetty ([@B05]), in a review article, showed that many researchers found that intratumoral cyclin D1 levels were correlated with the outcome of prognosis for different malignancies. In most cases, higher expression of cyclin D1 was correlated with poor prognosis. In breast cancer, however, the expression of cyclin D1 was related to sex steroid receptor positivity, favorable histological signs, and good prognosis ([@B05],[@B20]).

Previous studies ([@B06],[@B07]) have shown no relationship between cyclin D1 expression and the Gleason score, but, in this study, we found a positive statistically significant association between the Gleason score and cyclin D1 expression, with high-grade tumors displaying high cyclin D1 expression compared with low-grade tumors, in agreement with a study conducted by Emin Özbek et al. ([@B21]). However, unlike our study, other studies may not have determined the optimal cut-off value using ROC curve analysis, such as the Emin Özbek study, that showed positive correlation between Gleason score and cyclin D1. In addition, cyclin D1-positive prostate cancer cells have been reported to show greater motility, increased invasion capability, and a hormone-independent phenotype in cell cultures, supporting the hypothesis that cyclin D1 plays an important role in aggressive prostate carcinogenesis ([@B22],[@B23]). These data and the relationship between perineural invasion and cyclin D1 expression reinforce the important role of this cell cycle protein in the prediction of more aggressive disease.

Taken together, our results and previous data show that cyclin D1 might indicate a more aggressive phenotype of prostate cancer and could perhaps be used as a new biomarker, particularly because of the nonspecific nature of PSA and other elements as cancer markers ([@B09],[@B22]-[@B26]). The Gleason score is the most widely used predictive preoperative histological parameter of tumor spread in urological practice and is considered capable of predicting tumor behavior, with the ability to differentiate between aggressive and benign disease ([@B24],[@B25]). However, previous studies ([@B27]-[@B29]) and our ongoing study indicate that the Gleason score is likely underestimated by preoperative biopsy of the prostate in approximately 40% of cases, resulting in false-negative results. This may hinder the accurate diagnosis of benign *vs* aggressive prostate cancer ([@B27]-[@B29]).

In summary, our data show variable expression of cyclin D1 among prostate carcinoma cells and absence in normal prostate tissue. We found that high expression of cyclin D1 (\>5%) was associated with a high-grade Gleason score (≥7) and the presence of perineural invasion. Because of the likelihood of underestimating the Gleason score by prostate biopsy and the positive relationship demonstrated in our study between cyclin D1 expression and the Gleason score, we suggest that the use of cyclin D1 immunohistochemistry in prostate cancer may decrease the likelihood of underestimating tumor aggressiveness. However, studies using other approaches are needed to elucidate the efficacy of cyclin D1 as a tumor marker or therapeutic target in prostate cancer.
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